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Introduction
Ankylosing spondylitis (AS) is a chronic, progressive, inflammatory rheumatic disease that mainly affects the axial skeleton, large peripheral joints, and entheses [1] , with a prevalence between 0.1% and 1.4% globally. AS is typified by sacroiliitis and ankyloses of the spine. Structural damage can lead to impaired spinal mobility, decreased participation in daily activities and severely reduced health-related quality of life [2] . On average, it takes 6 to 8 years from the onset of back pain until a clinician establishes a definite diagnosis of AS. Thus, it is very important to predict the risk of developing AS. However, to date, only limited risk factors for AS have been identified, such as human leukocyte antigen B27, family history of AS, male sex and frequent gastrointestinal infections [3] .
Radiographic sacroiliitis is considered a hallmark of AS. Inflammation in axial spondyloarthritis starts in the sacroiliac joints. Inflammation of the sacroiliac joints and the spine eventually may lead to bony ankylosis. Therefore, inflammation is a paramount factor in the radiographic assessment of AS progression. A recent study demonstrated that inflammation may predict radiographic progression of AS. In the German Spondyloarthritis Inception Cohort (GESPIC), elevated levels of CRP, a marker of systemic inflammation, were a strong positive predictor of sacroiliitis progression in AS patients [4] . However, it remains unknown whether high CRP concentrations precede the onset of AS in the general population.
In this context, we hypothesized that elevated CRP levels were associated with the incidence of AS. Thus, we tested this hypothesis in a prospective community-based study of approximately 130,000 Chinese adults over a follow-up period of approximately 8 years. Furthermore, we conducted several sensitivity analyses to test our results, including a 2-year-lag analysis, using the average hs-CRP concentration as an independent variable and an analysis restricted to never-smokers.
Materials and methods

Study design and population
The Kailuan Study, a prospective cohort study based in the Kailuan community in Tangshan city in northern China, was designed to investigate risk factors for common chronic diseases [5, 6] . In 2006, all 155,418 employees of the Kailuan Group �18 years old (including retired individuals) were invited to participate in questionnaire assessments and clinical and laboratory examinations conducted in 11 hospitals responsible for the health-care of this community. The 137,349 participants in Kailuan studies I and II were considered for their eligibility for inclusion in the current study, resulting in exclusion of 7,645 participants with missing information relating to hs-CRP, and 95 participants who had AS at baseline, and leaving 129,681 participants for inclusion. 121,656 participants were remained at the end of study on December 31, 2015 with 8,025 lost during follow-up (S1 Fig) .
The protocol for this study was in accordance with the guidelines of the Helsinki Declaration and was approved by the Ethics Committee of the Kailuan Medical Group, Kailuan Company. Written informed consent was obtained from all participants. Because of confidentiality issues, the authors cannot post the data directly. However, de-identified data are available to researchers upon request by contacting Dr Shouling Wu.
Incidence of AS
Incident AS cases were identified by searching the Municipal Social Insurance Institution and the Hospital Discharge Register of the 11 hospitals (with an ICD-10 search code of M45 for AS). Three rheumatologists (Drs Wenhao Yang, Huijing Shi and Jinmei Su) reviewed all medical records and confirmed the diagnosis of AS on the basis of fulfilment of the modified New York classification criteria [7] .
Assessment of hs-CRP concentrations
Fasting (8-12 h) venous blood samples were drawn during each study visit and analysed at the Central Laboratory of Kailuan General Hospital on the same day [6] . Plasma hs-CRP concentrations were measured with a high-sensitivity particle-enhanced immunonephelometry assay (Cias Latex CRP-H, Kanto Chemical, Tokyo, Japan). The lower limit of detection was 0.1 mg/ L. The intra-assay coefficient of variation was 6.53%, and the inter-assay coefficient of variation was 4.78%. The concentrations of hs-CRP were measured at baseline and in the subsequent biennial survey for both study cohorts.
Assessment of covariates
Information on demographic variables (including age, sex, education, income, smoking status, alcohol intake, and physical activity) was collected via questionnaires administered by the research doctors at the baseline interview. Smoking status was divided into three categories (current, past, or never); alcohol intake was divided into five categories (never, past, light (women: 0-0.4 servings per day, men: 0-0.9 servings per day, where a serving equates to 15 g of alcohol), moderate (women: 0.5-1.0 servings per day, men: 1-2 servings per day), or heavy (women: >1.0 servings per day, men: >2 servings per day)) [8] ; and physical activity was divided into three categories (never, 1-2 times/week, or 3+ times/week) [9] .
Bodyweight, height, and blood pressure were measured during the baseline interview, and body mass index (BMI) was calculated using the weight in kilograms divided by the square of the height in metres. Blood pressure was the average of at least two readings taken at rest. Standard protocols were used for all measurements. The categories for blood pressure levels were 'normal' (systolic blood pressure <120 mmHg and diastolic blood pressure <80 mmHg), 'prehypertension' (systolic blood pressure 120-139 mmHg or diastolic blood pressure 80-89 mmHg) and 'hypertension' (systolic blood pressure �140 mmHg or diastolic blood pressure �90 mmHg, or a history of physician-diagnosed hypertension or the use of antihypertensive drugs) [10] . 'Diabetes' was diagnosed as fasting blood glucose �126 mg/dL, a history of physician-diagnosed diabetes or taking glucose-lowering medication; 'impaired fasting glucose' was diagnosed as fasting blood glucose 100-125 mg/dL; and 'normal' was diagnosed as fasting blood glucose <100 mg/dL [11] .
Concentrations of total cholesterol and triglyceride, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured with an auto-analyser (Hitachi 747; Hitachi, Tokyo, Japan) as described previously [6, 8] .
Statistical analyses
Statistical analyses were performed using SAS software, version 9.3 (SAS Institute, Cary, NC, USA). Demographic information and baseline characteristics of the participants were summarized and compared in relation to the concentrations of hs-CRP at baseline. Continuous variables are presented as the mean ± standard deviation, and discrete variables are presented as counts and percentages. P-values were two-tailed, and values <0.05 were considered statistically significant.
The participants were divided into four categories on the basis of the baseline concentrations of hs-CRP (<1.0 mg/L, 1.0-3.0 mg/L, >3.0 mg/L to <10.0 mg/L, and �10.0 mg/L) [6, 12] . The person-time of follow-up for each participant was determined from the end date of the Kailuan Study I or Study II survey to either the date of AS onset or the end of follow-up (December 31, 2015), whichever came first. Cox proportional-hazards regression was used for calculation of hazard ratios (HRs) and 95% confidence intervals (95% CIs) for AS risk in relation to hs-CRP status. Logistic regression was also performed with penalized maximum-likelihood estimation, because of the small number of incident AS cases. Three multivariate proportional hazards models were fitted, to account for potential confounders. Model 1 adjusted for age and sex. Model 2 also adjusted for education, average monthly income of each family member, smoking, alcohol intake, and physical activity. Model 3 further adjusted for BMI, blood-pressure status, blood glucose status, total cholesterol, history of cardiovascular disease, and the use of antihypertensives, lipid-lowering agents, and aspirin. Categories for each of these variables were as shown in Table 1 .
Three sensitivity analyses were conducted. Because elevated hs-CRP concentrations may have been a consequence of impending AS, a 2-year-lag analysis was conducted by excluding AS events from the first 2 years of follow-up, to reduce potential reverse causality. To take advantage of the repeated assessment of hs-CRP in both studies, another sensitivity analysis was conducted using cumulative average hs-CRP concentrations as an exposure. For example, the average hs-CRP concentrations for the years 2006, 2008 and 2010 were used for prediction of the occurrence of AS after 2010. Finally, because smoking could be associated with new radiographic progression [13, 14] , one analysis was restricted to never-smokers.
Potential interactions between hs-CRP concentrations and sex and age (<45 years and �45 years) were also explored in relation to the risk of AS, adjusted for potential confounders.
Results
Among the 129,681 individuals who were included in this study, relative to those with lower baseline hs-CRP concentrations, individuals with higher hs-CRP concentrations were more likely to have higher bodyweight and age, to be current smokers, to have lower education, higher plasma concentrations of cholesterol, and lower concentrations of LDL-C. A significantly higher proportion of individuals with higher baseline concentrations of hs-CRP had hypertension, diabetes, or a history of cardiovascular diseases or used antihypertensive treatment, antihyperglycemic treatment, lipid-lowering treatment or aspirin, compared with individuals with lower baseline hs-CRP concentrations (Table 1) . During the 1,033,609 person-years (average 7.97 ± 1.36 years) of follow-up, we documented 55 new AS cases: 14 for baseline hsCRP <1.00 mg/L (an incidence rate of 0.03 per 1,000 person-years), 8 for baseline hsCRP 1.00-2.99 mg/L (0.03 per 1,000 person-years), 16 for baseline hsCRP 3.00-9.99 mg/L (0.09 per 1,000 person-years), and 17 for baseline hsCRP �10.0 mg/L (0.39 mg/L). The incidence rates of AS were higher in men than in women and decreased with increasing age (Fig 1) . Baseline hs-CRP concentrations were significantly positively associated with future AS risk (P-trend <0.001, Table 2 ). Relative to hs-CRP <1.00 mg/L, HR = 1.28 (95% CI 0.54-3.08) for hs-CRP of 1.00-2.99 mg/L, HR = 4.71 (95% CI 2.26-9.81) for hs-CRP of 3.00-9.99 mg/L, and HR = 19.8 (95% CI 9.6-40.9) for hs-CRP �10.0 mg/L (P-trend <0.001), after adjusting for potential confounders (multivariate model 2). Exclusion of eight AS cases that occurred in the first 2 years of follow-up, the use of cumulative hs-CRP as an exposure, and exclusion of smokers all generated similar results ( Table 2 ). The same trend was found in analyses of subgroups stratified by sex and by age (Table 3 ). Significant associations of baseline hs-CRP concentrations with AS incidence were also demonstrated in two multivariate logistic regression analyses (all P-trend <0.001, S1 Table) .
Discussion
In this large-scale, community-based, prospective study, baseline plasma concentrations of hs-CRP were predictive of the future risk of AS over an average follow-up period of 8 years. The association was independent of lifestyle factors and medical history, including smoking status, alcohol intake, physical activity, obesity, blood pressure, and blood concentrations of glucose and total cholesterol. A similar significant association was observed in several sensitivity analyses and sub-group analyses.
Our results suggest that active systemic inflammation plays an important role in the stage before established AS in a community population. To our knowledge, no similar data from previous prospective, community-based studies are available. However, our results are consistent with previous studies conducted in the hospital-based AS cohort that demonstrated that inflammation, as assessed by CRP plasma concentration, was associated with radiographic progression of both the sacroiliac joint and the spine. In the GESPIC, elevated baseline CRP was identified as a strong predictor (OR 4.7 in a multivariable model) of the radiographic sacroiliitis progression of non-radiographic axial spondyloarthritis to AS after 2 years of follow-up [4] . Furthermore, elevated time-averaged CRP levels (>6 mg/L) relative to levels �6 mg/L were significantly and independently associated with the formation of new syndesmophytes and radiographic progression (defined as an increase of two or more modified Stoke Ankylosing Spondylitis Spine Score units after 2 years) in the spine in AS [13] . However, in the Outcome Assessments in Ankylosing Spondylitis International Study cohort, elevated CRP at baseline in patients with AS did not emerge as an independent predictor for the development of new syndesmophytes and/or bridges in the spine at 4 years [15] . These discordant results potentially resulted from the different durations of the disease in these cohorts [13] .
Although the mechanism of AS remains unknown, some evidence indicates that inflammation plays an important role in the initiation and progression of AS. First, the traditional pathophysiological hypothesis proposes that gastrointestinal or urogenital infections trigger spondyloarthritis [16] . These infections may be a source of chronic inflammation, as detected by elevated CRP levels. Second, two additional hypotheses propose an autoinflammatory rather than autoimmune origin. Bacterial or mechanical stress induces cytokine production in inflammatory cells in response to a range of innate immune stimuli, and inflammation occurs at sites of bacterial or mechanical stress [17] . Third, histological studies show that inflammatory changes in the enthesis are considered a characteristic finding in AS [18] . In addition, magnetic resonance imaging shows inflammation in the sacroiliac joint and the spine during the acute phase. Finally, anti-inflammatory treatment with nonsteroidal anti-inflammatory drugs [19, 20] and tumor necrosis factor α inhibitors [21, 22, 23] are effective in AS patients. Our study extends the findings of previous studies and provides direct evidence that inflammation could be considered an early feature and/or risk factor for AS.
Our study had a number of potential limitations. First, the Kailuan study, from which our cohort was drawn, was not a nationwide study, and a large proportion of the participants were manual workers. Therefore, our findings may not be directly applicable to another population with a different socioeconomic-status profile. The relationship between baseline hs-CRP and the incidence of AS should therefore be investigated in other prospective cohorts with different backgrounds of socioeconomic status and culture. Second, although we conducted a 2-year lag analysis, the possibility of reverse causality cannot be totally excluded because AS has a long pre-clinical stage. Third, high levels of CRP can occur in many acute conditions (such as infections and allergic reactions) and chronic conditions (such as cardiovascular disease). Although we could not exclude all these conditions, we conducted a sensitivity analysis using cumulative average CRP concentrations as an exposure to reduce any bias from acute disease, and we used a model that included variables that may affect CRP concentrations (such as history of cardiovascular diseases) to reduce bias from chronic disease. Fourth, we did not measure other markers of inflammation, such as amyloid A, interleukin 6 or soluble intercellular adhesion molecule type-1, because these measurements were not routinely conducted in our hospital. Therefore, further studies including more markers of inflammation are warranted.
In conclusion, systemic inflammation status, as assessed by CRP plasma concentration, predicts the risk of AS independent of potential confounders. These results provide a test that is easy to preform and may be used widely in various clinics to predict AS to aid in early diagnosis and treatment. Further prospective studies including participants with different cultural backgrounds and analyses of other markers of inflammation are warranted to attempt to replicate and expand on our findings. 
Supporting information
